, are also of great interest in terms of creating polymer-polymer composites based on largetonnage polymeric materials. Among these materials, of specific practical interest are high-impact polystyrenesproducts of the graft copolymerisation of styrene with butadiene or butadiene-styrene rubber. The presence in their structure of a dispersed rubber phase chemically combined with a rigid polystyrene matrix determines their adequate impact strength in most cases, with the other physicomechanical properties at a good level.
On account of the general economic crisis in the period from 1991 to 1998, the volume of consumption of polystyrene plastics fell almost by a factor of 3. Here, the volume of imported materials increased in percentage terms by a factor of 2.3 and in 1998 amounted to 52,100 t ( Table 1) . Since 1999, the production and consumption of polystyrene and copolymers of styrene in the country has revived appreciably, but imports in recent years have on the whole remained stable at over 50%. All this indicates positive shifts in the Russian economy and underlines the practical significance of polystyrene plastics for all areas of industry and in the home. Concerning the presence on the internal market of products of foreign companies, it can be noted that this is determined largely by their wide range and by the readiness of producers to work for a specific consumer, and occasionally on a specific product. The stability of properties and the regularity of supplies of imported feedstock for individual consumers may prove to be more important indices of the material than its price. Nonetheless, pricing policy has always been, and will always be, a serious argument in the selection of the polymeric materials for processing. n  a  s  u  o  h  t  ,  ]  5  [  a  i  s  s  u  R  n  i  c  i  t  s  a  l  p  f  o  s  e  p  y  t  l  a  u  d  i  v  i  d  n  i  f  o  n  o  i  t  p  m  u  s  n  o  c  f  o  s  e  m  u  l  o  V  .  1  e  l  b  a  T   1  9  9  1  8  9  9  1  9  9  9  1  0  0  0  2  1  0  0  2  2  0 In this connection, of definite interest are investigations of blends of high-impact polystyrenes with cheaper polymers, for example, with polyethylene, the volumes of production of which have remained extremely stable over the past decade ( Table 1) . The urgency of investigations is also determined by the real possibility of expanding the range of high-impact polystyrenes and increasing their volumes of production. The scientific principles of this direction in the area of the creation of new polymeric materials have now been developed and realised in the plastics industry [6] [7] [8] .
From an analysis of the literature [9] [10] [11] it follows that the practical significance of simple blends of polystyrene and high-impact polystyrene with low-density polyethylene with a content of the latter of over 10 wt.% is small, since they are characterised by an extremely low combination of physicomechanical properties. A low level of mechanical properties is also noted for simple blends of polystyrene with high-density polyethylene [12] . Nonetheless, the participation of the latter in polymer-polymer composites based on highimpact polystyrene is preferable, as indicated by the consumer level of properties of patented materials based on them [13, 14] . The noted good mechanical properties of threecomponent (and more) composites predetermined the present authors' interest in investigating simple blends of highimpact polystyrene with high-density polyethylene (HDPE).
EXPERIMENTAL
The investigation was carried out on blends of suspension high-impact polystyrene (HIPS) of grade 0801 (GOST 28250-89) produced by the Salavatnefteorgsintez Open Joint Stock Company with HDPE of different grades (273-79, 276-73, 277-73) produced by Stavrolen Limited to GOST 16338-85. The initial blends were produced by mechanical mixing of the initial granulated components. The physicomechanical and processing properties of all the materials investigated were determined under identical conditions, shown in Table 2 .
Standard testpieces (bars/dumb-bell testpieces) were injection moulded at a melt temperature of 190˚C on an automatic thermoplastics injection moulding machine with a maximum injection volume of 200 cm 3 . Here, the volume of moulding amounted to 26-27 cm 3 . Such a ratio between the actual volume of injection and the potential of the injection moulding machine supposed good homogenisation of the melt during processing and the possibility of dispensing with the use of special mixing equipment. The values of the molecular weights for HDPE were calculated using the logarithmic dependence of the weight-average molecular weight of polyethylene on the melt flow index (MFI) under a load of 2.16 kgf, proposed by Union Carbide: lgM w = lg129 000 -0.263 lgMFI 2.16 The results obtained from investigating the initial components in this case are presented in Table 3 .
A study of the phase structure of the blends investigated was carried out on a POLAM R 112 electron microscope. The specimens were prepared on a biological microtome with a steel cutter. The thickness of the microsections was 30 µm. The magnification was ×300.
DISCUSSION
The HDPEs selected for the investigations differ significantly from each other in melt flow index and, with the exception of HDPE-276, from the initial HIPS (Table 3) . Thus, the flow of HDPE-273 is 7.6 times lower than that of the HIPS, and the latter is almost 9 times lower than that of HDPE-277. In this context, it was possible to expect a corresponding change in the flow of HIPS when the given polyethylenes were introduced into its composition. In fact, in the presence of additions of 10-80 wt.% highviscosity HDPE-273 there is a certain reduction in flow of the HIPS and practically in accordance with an additive law (Figure 1) It should be pointed out that the dependence of the viscosity (flow) of blends of the two polymers on the content and nature of one of them is ambiguous [7, 15, 16] . Thus, in [15] it was shown that the viscosity of blends of polystyrene + LDPE with a content of the latter of up to 20 wt.% undergoes a positive deviation from the additive line, and with a greater LDPE content it becomes concave. It is also known that, the closer the viscosity values of the polymer matrix and of the other polymer dispersed in it, the greater the extent to which drops of the latter are drawn out in the direction of flow, and the greater the size of the interphase layer. The packing density of the macromolecules and the degree of intermolecular interaction in the interphase layers are lower than in the individual polymer phases, and this should be reflected in a corresponding reduction in the viscosity of their blends in relation to the viscosity of the initial polymers (ref. 16) . Taking this into account, and bearing in mind the identical conditions under which the flow of the initial polymers was determined, it can be assumed that the flow of blends of HIPS with HDPE-276 should be slightly higher than that of the initial copolymer. In fact, with a content of the given polyethylene in a blend with HIPS of 30-50 wt.%, the flow of the polymer-polymer composite is higher than that of the initial components (Figure 1) . With other contents of HDPE-276, the flow of the blends is close to the additive values. On the whole, the MFI of blends of HIPS-0801 with more than 10 wt.% HDPE is determined by the viscosity of the latter and increases in the order HDPE-273 < HDPE-276 < HDPE-277.
An interesting feature in the formation of the flow of blends of HIPS-0801 with HDPE as a function of its nature is observed in the region of relatively low HDPE contents (Figure 1) . With 5 wt.% HDPE, the following picture is observed: MFI HIPS < MFI HIPS+HDPE-277 , MFI HIPS ≈ MFI HIPS+HDPE-276 , MFI HIPS < MFI . In other words, in terms of the degree of increase in this property for blends of 95%HIPS + 5%HDPE, the polyethylenes introduced can be placed in the following order: HDPE-277 < HDPE-276 < HDPE-273, which is consistent with the order of increase in their molecular weight and, consequently, decrease in their flow ( Table 3) .
A well-known a priori method for assessing the compatibility of polymers is based on comparing the magnitudes of their overall parameters of solubility δ [17] . The large conditionality of this approach to assessing the compatibility of substances has been noted by many authors and is demonstrated convincingly in the case of blends of HDPE with LDPE: with an identical chemical structure of the elementary unit, the polymers form microheterogeneous phase structures when mixed [18] . D  H  1  0  8  0  -S  P  I  H  9  7  -3  7  2  3  7  -6  7  2  3  7  -7  7  2   w  M  .  1  0  0  0  ,  0  3  2  0  0  0  ,  9  3  1  0  0  0  ,  0  0 On the other hand, the compatibility of polymers is influenced considerably by their molecular weight, which determines the possibility of increasing the combinatorial entropy [16] . According to Scott's equation for calculating the critical parameter of interaction [7] (c12) CR 
However, taking into account the values of the general
(where x 1 and x 2 are the degrees of polymerisation of polymers 1 and 2), the lowest affinity of the components should be observed in the HIPS + HDPE-273 system (molecular weight 230 000), and the greatest affinity in the HIPS + HDPE-277 system (molecular weight 100 000). Reduction in the degree of compatibility of HDPE with HIPS in the order HDPE-277 → HDPE-276 → HDPE-273 when present in low quantities appears to promote a reduction in the volume of the interphase layer and to the appearance of the well-known effect of interstructural plasticisation of polymers [20] . With account taken of these assumptions, the established dependence MFI HIPS < MFI HIPS+HDPE-277 , MFI HIPS ≈ MFI HIPS+HDPE-276 , MFI HIPS < MFI HIPS+HDPE-273 is more or less interpretable.
The introduction of LDPE into polystyrene [9, 10] and high-impact polystyrene [11] and the introduction of HDPE into polystyrene [12] in a quantity of over 20 wt.% are accompanied with a reduction in the tensile strength of the polystyrene polymer by more than a factor of 2. The above-noted incompatibility of HIPS and HDPE nevertheless does not tell on any catastrophic deterioration in the mechanical properties of the polymer composites produced by their mixing (Figure 2) . Furthermore, the yield point in elongation of a HIPS-0801 + HDPE-273 blend, with any ratio between them, remains at the level of the initial components. The introduction of up to 50 wt.% HDPE-276 into HIPS-0801 ensures the retention of the yield point of their blends at Neither is any catastrophic fall in the given property of HIPS-0801 observed when HDPE-277 is introduced into its composition. However, in the latter case -in the case of the introduction of relatively low molecular weight polyethylene into the HIPS -clear deviation of the property being determined from the additive values is observed. In terms of the degree of reduction in the yield point of HIPS-0801, polyethylenes introduced into its composition in a quantity of over 40 wt.% can be placed in the following order: HDPE-273 < HDPE-276 < HDPE-277, which is consistent with the yield point in elongation values of the HDPEs themselves ( Table 3) .
The Rockwell hardness (HRC) and shrinkage of blends of HIPS-0801 with HDPE are formed with clear negative deviation from an additive dependence. Here, as can be seen from Figures 3 and 4 , the role of the nature of the HDPE introduced is not missed. It is also difficult to establish the role of the nature of the second component in the formation of the nominal bending strength of HIPS-0801 + HDPE blends ( Figure 5 ).
The capacity of HIPS-0801 for forced elastic strains undergoes significant changes after HDPE is introduced T/25 into its composition (Figure 6) . Here, clear breakdown of the internal structure of the material is observed in the presence of 30, 20, and 10 wt.% HDPE-273, HDPE-276, and HDPE-277. In the latter case, the breaking elongation of HIPS decreases almost by a factor of 8. If blends with 20-40% polyolefin are examined, then, in terms of the degree of reduction in the given property of the HIPS, the polyethylenes can be placed in the order HDPE-273 << HDPE-276 < HDPE-277, which is consistent with the capacity for the polyethylenes themselves for cold flow under elongation ( Table 3) .
A consequence of the reduction in the capacity of the HIPS for the appearance of forced elastic tensile strains is a marked reduction in its resistance to impact loads with an HDPE content of over 10 wt.% (Figure 7) .
It is well known that the difference in the coefficients of volume expansion of polymers of different kinds leads to an increase in the free volume in the polymer system formed during cooling of a melt of their blend [7, 16] . Blends of HIPS with HDPE were processed by the present authors by injection moulding at 190˚C (the dosing zone). The density of the HDPE during heating to the given temperature, without allowance for the compressibility of the melt during processing, increases by a factor of 1.15, while that of the HIPS increases by a factor of 1.07 [21] . Therefore, it can be assumed that the observed overall reduction in the breaking elongation and impact strength of the HIPS when modified with relatively large amounts of HDPE is the consequence of the higher free volume in the blends produced in this case. A comparison of the values of the general parameters of solubility of the components of the blends (in a simplified variant, these are polystyrene, polybutadiene, and polyethylene) makes it possible to assume further the preferential distribution of polyethylene near the rubber phase of the HIPS, and consequently a considerable change in the structure of the interphase layer in the given example of high-impact plastics which is responsible for the increased values of their breaking elongation and impact strength.
The interesting feature of change in the flow of the HIPS when relatively small additions of HDPE are introduced into it has been pointed out above. The mechanical properties of the HIPS that are formed in this case are no exception (Figures 5-7) . At the very least it is possible to speak of the fact that, in the presence of 5 wt.% HDPE, there is a tendency for an improvement in its tensile and impact properties. Taking into account the scientific positions formulated by the Akutin school [1-4], it can be assumed that the established specific values of these properties are a consequence of the possibility of the formation during the processing of the HIPS modified with small additions of HDPE of more ordered polymeric structures. The different breakdowns of the polymer structure of HIPS encountered in the form of regions with increased free volume may also have a positive effect on the impact strength, since it is well known that a hole drilled on the path of a crack in brittle material is capable of slowing down its development considerably.
Analysing the combination of physicomechanical properties of polymer blends of HIPS-0801 with HDPE, it is possible to draw a conclusion concerning their promise, especially when account is taken of the cost index formed in this case and the formation at certain enterprises of blends of secondary polymers. The highest level of properties corresponds to blends of HIPS-0801 with HDPE-276. Taking this as an example, it was shown that the introduction of HDPE into the HIPS changes considerably its supermolecular structure (Figure 8 ).
CONCLUSIONS
A study has been made of the behaviour patterns in the variation in the main properties of blends of high-impact polystyrene of grade HIPS-0801 with high-density polyethylenes with a content of the second components of 0-100 wt.%. It has been shown that, in the presence of 5 wt.%HDPE, there is a tendency towards increase in flow of the HIPS in the order HDPE-277-73 < HDPE-273-79 < HDPE 276-73. With a greater content of polyethylene, the inverse dependence occurs. In terms of the degree of influence on the impact strength of the HIPS and its yield point in elongation, the HDPEs can be placed in the order 276-73 < 273-79 < 277-73. It is noted that blends with a content of polyethylene of grade 276-73, 273-79, and 277-73 in a quantity of no more than 20, 10, and 5 wt.% respectively are of definite practical interest. 
